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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The presentapplication claims priority under 35
USC 119 to Japanese Patent Application No.
2012-074928 filed March 28, 2012 and Japanese Patent
Application No. 2012-074930 filed March 28, 2012 the
entire contents of which are hereby incorporated by ref-
erence.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The presentinvention relates to a cooling sys-
tem structure for a vehicular water-cooled internal com-
bustion engine. The internal combustion engine includes
a cylinder section constituting, together with a crankcase
forrotatably supporting a crankshaft, an engine main unit,
with a cylinder body that rises upwardly from the crank-
case. A piston is connected to the crankshaft and is sli-
dably fitted within a cylinder head connected to the cyl-
inder body. Water jackets are formed in the cylinder body
and the cylinder head, respectively. A radiator is dis-
posed forwardly of the engine main unit with a water
pump disposed on the engine main unit. The water pump
performs a forced circulation of coolant through the ra-
diator and the water jackets.

[0003] The present invention also relates generally to
power units for small sized vehicles. The power unit is
mounted on a vehicle body frame including an internal
combustion engine and atransmission. The internal com-
bustion engine includes a crankcase that rotatably sup-
ports a crankshaft having an axis extending in a vehicle
width direction and a cylinder body in which a piston
connectedtothe crankshaftis slidably fitted and thatrises
upwardly from a front portion of the crankcase. The cyl-
inder body includes a water jacket formed therein for cir-
culating coolant. The transmission is disposed rearward-
ly of the crankshaft and is housed in a transmission hous-
ing section formed in the crankcase rearwardly of the
cylinder body. The present invention relates particularly
to an improved cooling system structure in a power unit
for use in a small sized vehicle.

2. Description of Background Art

[0004] A known arrangement, as disclosed in Japa-
nese Patent No. 4842715 wherein a cooling system
structure includes a water pump disposed at a lower por-
tion on afirst end side of an engine main unitin a direction
extending along an axis of a crankshaft. A thermostat is
disposed at a front portion of a cylinder head on a side
opposite to the water pump in the direction extending
along the axis of the crankshaft. The arrangement further
makes a discharge port of the water pump communicat-
ing directly with a front lower portion of a water jacket
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formed in a cylinder body, thereby allowing coolant to
flow to the side of the thermostat by way of the water
jacket in the cylinder body and a water jacket in the cyl-
inder head.

[0005] A radiator needs to be disposed at a position
wherein the radiator easily receives airflow forwardly of
an engine main unit. In the arrangement disclosed in Jap-
anese Patent No. 4842715, external pipes disposed on
both side of the engine main unit connect between the
thermostat and the radiator, and between the radiator
and the water pump. A need thus exists forimprovements
in terms of appearance.

[0006] Japanese Patent Laid-Open No. 2005-9350
discloses a disposition of a water pump in a power unit
mounted on a small sized vehicle, such as a motorcycle.
More specifically, the water pump is disposed on a side
wall of a cylinder body wherein the positioning is less
likely to be subject to restrictions in terms of layout and
an extending of the piping length is avoided.

[0007] In a small sized vehicle, such as a motorcycle,
in which the position at which the power unit is mounted
greatly affects an interior space of an occupant, a need
exists for minimizing the size of the power unitin a vehicle
width direction as much as possible. However, in Japa-
nese Patent Laid-Open No. 2005-9350 the water pump
that is operatively associated and connected with a first
end of a crankshaft is disposed so as to bulge outwardly
in the vehicle width direction from the side wall of the
cylinder body. This invites a larger size of the power unit
in the vehicle width direction and a longer piping length
between a water jacket in the cylinder body and the water

pump.
SUMMARY AND OBJECTS OF THE INVENTION

[0008] The present invention has been made in view
of the foregoing situation and it is an object of an embod-
iment of the presentinvention to provide a cooling system
structure for a vehicular water-cooled internal combus-
tion engine that permits routing of pipes with an enhanced
appearance.

[0009] To achieve the foregoing object, a first feature
of an embodiment of the present invention provides a
cooling system structure for a vehicular water-cooled in-
ternal combustion engine, wherein a cylinder section
constitutes, together with a crankcase for rotatably sup-
porting a crankshaft, an engine main unit with a cylinder
body that rises upwardly from the crankcase. A piston is
connected to the crankshaft and is slidably fitted within
a cylinder head connected to the cylinder body. Water
jackets are formed in the cylinder body and the cylinder
head, respectively. A radiator is disposed forwardly of
the engine main unit with a water pump disposed on the
engine main unit. The water pump performs a forced
circulation of coolant through the radiator and the water
jackets. The cooling system structure for a vehicular wa-
ter-cooled internal combustion engine includes water
jackets respectively formed so as to allow coolant to flow
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through the cylinder body and the cylinder head inde-
pendently of each other. A thermostat is disposed on a
front wall surface of the cylinder section wherein the ther-
mostat is capable of selecting a condition in which the
water jacket in the cylinder body and the water jacket in
the cylinder head directly communicate with each other
or a condition wherein the water jacket in the cylinder
body and the water jacket in the cylinder head commu-
nicate with each other via the radiator.

[0010] According to an embodiment of the present in-
vention, the water pump is disposed rearwardly of the
cylinder section so as to sandwich the cylinder section
between the water pump and the radiator in a longitudinal
direction. In addition, the water pump has a discharge
port connected to one of the water jacket in the cylinder
body and the water jacket in the cylinder head and a
suction port connected to the other of the water jacket in
the cylinder body and the water jacket in the cylinder
head.

[0011] According to an embodiment of the present in-
vention, the cooling system structure includes connect-
ing paths formed at a front portion of one of the cylinder
body and the cylinder head, respectively. The connecting
path communicating with the water jacket in the other of
the cylinder body and the cylinder head, and the con-
necting path communicating with the water jacket in the
one of the cylinder body and the cylinder head. The ther-
mostat is disposed on the front wall surface of the one
of the cylinder body and the cylinder head so as to select
a condition in which the connecting paths are in commu-
nication with each other or a condition in which the con-
necting paths are in communication with each other via
the radiator.

[0012] According to an embodiment of the present in-
vention, the cooling system structure including the con-
necting paths are formed to be open in the front wall
surface of the cylinder body so as to be adjacent to each
other. In addition, a thermostat case is disposed on the
front wall surface of the cylinder body so as to cover open
ends of the connecting paths. The thermostat is housed
within the thermostat case housing.

[0013] According to an embodiment of the present in-
vention, the thermostat is disposed at a central portion
of the cylinder section in a direction extending along an
axis of the crankshaft.

[0014] According to an embodiment of the present in-
vention, the thermostat case that houses the thermostat
includes an extracting pipe section for extracting coolant
to a side of the radiator and an introducing pipe section
for introducing coolant returned from the radiator. The
extracting pipe section and the introducing pipe section
being disposed so as to protrude in directions opposite
to each other in a vehicle width direction.

[0015] According to an embodiment of the present in-
vention, the thermostat has an operating axis direction
setto extend in a direction of a cylinder axis of the cylinder
section. In addition, the operating axis direction of the
thermostat is set to extend in a direction of the axis of
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the crankshaft.

[0016] According to an embodiment of the present in-
vention, the water jackets are formed in the cylinder body
and the cylinder head, respectively, such that coolant
flows through the cylinder body and the cylinder head
independently of each other. The thermostat is mounted
on the front wall surface of the cylinder section, the ther-
mostat being capable of selecting a condition in which
the water jacket in the cylinder body and the water jacket
in the cylinder head directly communicate with each other
or a condition in which the water jacket in the cylinder
body and the water jacket in the cylinder head commu-
nicate with each other via the radiator. Piping connecting
the thermostat and the radiator can therefore be routed
on aside adjacentthe centerin the vehicle width direction
in a space between the cylinder section and the radiator
disposed forwardly of the cylinder section, which im-
proves the appearance.

[0017] According to an embodiment of the present in-
vention, the water pump is disposed rearwardly of the
cylinder section so as to sandwich the cylinder section
between the water pump and the radiator in the longitu-
dinal direction has the discharge port connected to the
water jacket in one of the cylinder body and the cylinder
head and the suction port connected to the water jacket
in the other of the cylinder body and the cylinder head.
The foregoing arrangements allow the water pump to be
disposed as close as possible to the water jackets to
thereby achieve a shorter piping length.

[0018] According to an embodiment of the present in-
vention, the connecting path is disposed at the front por-
tion of one of the cylinder body and the cylinder head,
the connecting path communicating with the water jacket
in the other of the cylinder body and the cylinder head
and the connecting path disposed at the front portion of
the one of the cylinder body and the cylinder head, the
connecting path communicating with the water jacket in
the one of the cylinder body and the cylinder head. The
thermostat is mounted on the front wall surface of the
one of the cylinder body and the cylinder head so as to
select a condition in which the connecting paths are in
communication with each other or a condition in which
the connecting paths are in communication with each
other via the radiator. This simplifies a path structure,
while shortening a path length between the water jackets
and the thermostat.

[0019] According to an embodiment of the present in-
vention, the connecting paths are formed to be open in
the front wall surface of the cylinder body so as to be
adjacentto each other. The thermostat case is mounted
on the front wall surface of the cylinder body so as to
cover the open ends of the connecting paths. This sim-
plifies a connecting structure between the thermostat and
the connecting paths.

[0020] According to an embodiment of the present in-
vention, the thermostat is disposed at a central portion
of the cylinder section in a direction extending along the
axis of the crankshaft. This makes the length of a line
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that extracts coolant from the thermostat to the radiator
equal to that of a line that returns the coolant from the
radiator to the thermostat and keeps these lengths short.
[0021] According to an embodiment of the present in-
vention, the extracting pipe section for extracting coolant
to the side of the radiator and the introducing pipe section
for introducing coolant returned from the radiator are dis-
posed in the thermostat case so as to protrude in direc-
tions opposite to each other in the vehicle width direction.
This allows lines extending from the thermostat case to
be connected to connecting ports on both sides in the
vehicle width direction of the radiator over a shortest pos-
sible distance.

[0022] According to an embodiment of the present in-
vention, the operating axis direction of the thermostat is
set to extend in the direction of the cylinder axis. This
shortens the length of the thermostat in the vehicle width
direction, prevents the thermostat from protruding side-
ways from the engine main unit in an internal combustion
engine having a small number of cylinders, and prevents
the internal combustion engine from becoming wide in
the vehicle width direction.

[0023] According to an embodiment of the present in-
vention, the thermostat disposed on the front wall surface
of the cylinder body has an operating axis direction that
extends in the direction of the axis of the crankshaft. This
shortens a vertical length of the thermostat, so that inter-
ference between the thermostat and the cylinder head
can be easily avoided.

[0024] The present invention has been made in view
of the foregoing situation and it is an object of an embod-
iment of the present invention to provide a cooling system
structure in a power unit for use in a small sized vehicle
that achieves a compact power unit including a water
pump in a vehicle width direction and a shorter piping
length between a water jacket in a cylinder body and the
water pump.

[0025] According to an embodiment of the present in-
vention, a cooling system structure in a power unit for
use inasmall sized vehicleis provided wherein the power
unitis disposed on a vehicle body frame and includes an
internal combustion engine that includes a crankcase
that rotatably supports a crankshaft having an axis ex-
tending in a vehicle width direction. A cylinder body is
provided in which a piston connected to the crankshaft
is slidably fitted and that rises upwardly from a front por-
tion of the crankcase. The cylinder body includes a water
jacket formed therein for circulating coolant. A transmis-
sion is disposed rearwardly of the crankshaft and is
housed in a transmission housing section formed in the
crankcase rearwardly of the cylinder body, wherein awa-
ter pump is disposed rearwardly of the cylinder body and
upwardly of the transmission housing section. The water
pump circulates the coolant through the water jacket in
the cylinder body.

[0026] According to an embodiment of the present in-
vention, the transmission housing section has arecessed
portion indented downwardly and formed in an upper sur-
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face thereof. Part of the water pump is disposed in the
recessed portion.

[0027] According to an embodiment of the present in-
vention, the transmission includes a transmission shaft
rotatably supported by the crankcase such that power is
transmitted from the crankshaft. A power transmission
mechanism is disposed between the transmission shaft
and a pump shaft of the water pump.

[0028] According to an embodiment of the present in-
vention, a pump housing included in the water pump is
disposed on the cylinder body such that a discharge port
disposed in the pump housing communicates with an in-
flow port disposed in the cylinder body so as to be in
communication with the water jacket.

[0029] According to an embodiment of the present in-
vention, a rigid conduit connecting the discharge portand
the inflow port has a first end portion fitted in one of the
pump housing and the cylinder body fluid-tightly via a
first annular sealing member and a second end portion
fastened to the other of the pump housing and the cylin-
der body fluid-tightly via a second annular sealing mem-
ber.

[0030] According to an embodiment of the present in-
vention, a cylinderhead having a cylinder head side water
jacket that joins to the water jacket in the cylinder body
is connected to an upper end portion of the cylinder body.
A thermostat case of a thermostat communicating with
the cylinder head side water jacket is connected to the
cylinder head, and the water pump is disposed immedi-
ately beneath the thermostat case.

According to an embodiment of the present invention,
the thermostat case is integrally formed with the pump
housing of the water pump.

[0031] According to an embodiment of the present in-
vention, a radiator is disposed forwardly of the cylinder
body so as to sandwich the cylinder body between the
radiator and the water pump.

[0032] Itis noted that a main shaft 49 in the preferred
embodiment of the present invention corresponds to the
transmission shaft of the present invention.

[0033] According to an embodiment of the present in-
vention, the water pump is disposed rearwardly of the
cylinder body and upwardly of the transmission housing
section formed in the crankcase. The water pump is
thereby disposed close to the water jacket in the cylinder
body, so that a piping length between the water jacket in
the cylinder body and the water pump can be shortened.
In addition, the water pump, being disposed rearwardly
of the cylinder body, does not protrude sideways from
the cylinder body in the vehicle width direction. A distance
from the crankshaft that develops power for driving the
water pump can also be shortened to thereby achieve a
compact power unit.

[0034] According to an embodiment of the present in-
vention, part of the water pump is disposed in the re-
cessed portion disposed in the upper surface of the trans-
mission housing section formed in the crankcase. The
water pump is thus disposed at a low level, so that re-
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duction in size and a lower center of gravity of the power
unit can be achieved.

[0035] According to an embodiment of the present in-
vention, the transmission shaft included in the transmis-
sion disposed rearwardly of the crankshaft is connected
to the pump shaft of the water jacket disposed upwardly
of the transmission housing section via the power trans-
mission mechanism. The power transmission mecha-
nism can therefore be built compactly such that power is
transmitted to the pump shaft from the transmission shaft
disposed closer to the water pump relative to the crank-
shaft.

[0036] According to an embodiment of the present in-
vention, the pump housing of the water pump is mounted
on the cylinder body. Mounting stiffness of the water
pump can thereby be enhanced.

[0037] According to an embodiment of the present in-
vention, the rigid conduit connecting the discharge port
and the inflow port has a first end portion fitted in one of
the pump housing and the cylinder body fluid-tightly and
a second end portion fastened to the other of the pump
housing and the cylinder body fluid-tightly. The pump
housing can thus be connected to the cylinder body in a
fluid-tight condition, while permitting deviation in posi-
tions occurring during assembly due to variations in form-
ing accuracy.

[0038] According to an embodiment of the present in-
vention, the thermostat case of the thermostat commu-
nicating with the cylinder head side water jacket is con-
nected to the cylinder head that is connected to the upper
end portion of the cylinder body and the water pump is
disposed immediately beneath the thermostat case. A
dead space otherwise created downwardly of the ther-
mostat when the thermostat is disposed can be effec-
tively used for disposing the water pump, which contrib-
utes to reduction in size of the power unit.

[0039] According to an embodiment of the present in-
vention, the thermostat case and the pump housing are
integrally formed with each other. This prevents the
number of parts from increasing as a result of disposing
the thermostat.

[0040] According to an embodiment of the present in-
vention, disposing the radiator and the water pump
across the cylinder body in the longitudinal direction al-
lows the radiator and the water pump to be disposed
compactly close to the cylinder body, while avoiding in-
terference among the radiator, the cylinder body, and the
water pump.

[0041] Further scope of applicability of the present in-
vention will become apparent from the detailed descrip-
tion given hereinafter. However, it should be understood
that the detailed description and specific examples, while
indicating preferred embodiments of the invention, are
given by way of illustration only, since various changes
and modifications within the spirit and scope of the in-
vention will become apparent to those skilled in the art
from this detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0042] The present invention will become more fully
understood from the detailed description given herein-
below and the accompanying drawings which are given
by way of illustration only, and thus are not limitative of
the present invention, and wherein:

[0043] Fig. 1 is a left side elevational view showing a
motorcycle according to a firstembodiment of the present
invention;

[0044] Fig. 2 is a left side elevational view showing an
engine main unit;

[0045] Fig. 3 is a view on arrow 3 in Fig. 2;

[0046] Fig. 4 is a cross-sectional view taken along line
4-4 of Fig. 3;

[0047] Fig. 5 is a cross-sectional view taken along line
5-5 of Fig. 3;

[0048] Fig. 6 is a view on arrow 6 of Fig. 2;

[0049] Fig. 7 is a cross-sectional view taken along line
7-7 of Fig. 6;

[0050] Fig. 8 is a view showing a second embodiment
of the present invention, corresponding to Fig. 6;
[0051] Fig. 9is a cross-sectional view taken along line
9-9 of Fig. 8;

[0052] Fig. 10is a left side elevational view showing a
motorcycle;

[0053] Fig. 11 is a left side elevational view showing a
power unit as viewed from an arrow 2 in Fig. 12;

[0054] Fig. 12 is a view on arrow 3 of Fig. 11;

[0055] Fig. 13 is a cross-sectional view taken along
line 4-4 of Fig. 12;

[0056] Fig. 14 is a cross-sectional view taken along
line 5-5 of Fig. 12; and

[0057] Fig. 15 is a cross-sectional view taken along
line 6-6 of Fig. 12.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0058] Specific embodiments to which the present in-
vention is applied will be described below with reference
to the accompanying drawings. Throughout the descrip-
tions given hereunder, vertical and crosswise directions
are relative to a rider operating a motorcycle.

[0059] A cooling system structure according to a first
embodiment of the present invention will be described
below with reference to Figs. 1 to 7. Referring to Fig. 1,
a motorcycle as a vehicle includes a vehicle body frame
F. The vehicle body frame F includes a head pipe 12, a
pair of left and right main frames 13, a pair of left and
right engine hangers 14, a pair of left and right pivot
frames 15, and a pair of left and right seat rails 16. More
specifically, the head pipe 12 steerably and removably
supports a front fork 11 that journals a front wheel WF.
The main frames 13 extend downwardly toward the rear
from the head pipe 12. The engine hangers 14 are con-
nected to the head pipe 12 and front portions of the main
frames 13 and extend downwardly toward the rear under
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the main frames 13. The pivot frames 15 are connected
to rear end portions of the main frames 13 and extend
downwardly. The seat rails 16 extend upwardly toward
the rear and are connected to rear portions of the main
frames 13.

[0060] An engine main unit 34 of a water-cooled, four-
cylinder internal combustion engine E is mounted on the
vehicle body frame F so as to be disposed downwardly
of the main frames 13. An axle 17 of a rear wheel WR
that is rotatably driven by power output from the internal
combustion engine E is journaled by a rear end portion
of a swing arm 19 that has a front end portion vertically
swingably supported on the pivot frames 15 via a pivot
18. In addition, a gear transmission M (see Fig. 4) is built
into the engine main unit 34. An endless chain 23 is
wound around a drive sprocket 21 fixed to an output shaft
20 of the gear transmission M and a driven sprocket 22
fixed to the axle 17.

[0061] A linkage mechanism 25 is disposed between
a cross pipe 24 that connects lower portions of the pivot
frames 15 and the swing arm 19. A rear shock absorber
unit 28 is disposed between a linkage member 26 that
forms part of the linkage mechanism 25 and a bracket
27 disposed at a front portion of the swing arm 19.
[0062] An air cleaner 30 is disposed upwardly of the
engine main unit 34 so as to be positioned rearwardly of
the head pipe 12 in the vehicle body frame F. A fuel tank
31 that covers a rear portion and an upper portion of the
air cleaner 30 is mounted on the main frames 13 in the
vehicle body frame F. A main seat 32 on which a rider
sits is supported on the seatrails 16 at a position rearward
of the fuel tank 31. A pillion seat 33 on which a passenger
sits is supported on the seat rails 16 at a position away
rearwardly from the main seat 32.

[0063] Referring also to Figs. 2 to 4, the engine main
unit 34 includes a crankcase 37 and a cylinder section
38. More specifically, the crankcase 37 includes an upper
portion case half body 35 and a lower portion case half
body 36 mutually connected together. The crankcase 37
also rotatably and removably supports a crankshaft 40
that has an axis extending in a vehicle width direction.
The cylinder section 38 rises upwardly from a front portion
ofthe crankcase 37 ina position inclined upwardly toward
the front. An oil pan 39 is connected to a lower portion
of the crankcase 37.

[0064] The cylinder section 38 includes a cylinder body
41, a cylinder head 42, and a head cover 43. More spe-
cifically, the cylinder body 41 is integrated with the upper
portion case half body 35 so as to rise upwardly from the
front portion of the crankcase 37 in a position obliquely
inclined to the front. The cylinder head 42 is connected
to an upper end portion of the cylinder body 41. The head
cover 43 is connected to the cylinder head 42.

[0065] The cylinder body 41 includes pistons 44 (see
Fig. 1) that are slidably fitted in respective cylinders jux-
taposed in the vehicle width direction, each of the pistons
44 being commonly connected to the crankshaft 40.
[0066] An intake port 45 (see Fig. 3) for each of the

10

15

20

25

30

35

40

45

50

55

cylinders is open in a rear portion side surface of the
cylinderhead 42. Each oftheintake ports 45is connected
to the air cleaner 30 via a throttle body 46 of each of the
cylinders. An exhaust pipe 47 of each cylinder has an
upstream end connected to a front wall surface of the
cylinder head 42 and a downstream end connected to
an exhaust muffler 48 disposed upwardly of the rear
wheel WR.

[0067] Waterjackets 50A and 51 are formed in the cyl-
inder body 41 and the cylinder head 42, respectively, to
thereby allow coolant to flow therethrough independently
of each other. A radiator 52 is disposed forwardly of the
engine main unit 34 as shown in Fig. 1. A water pump
54 is disposed rearwardly of the cylinder section 38 so
as to sandwich the cylinder section 38 between the water
pump 54 and the radiator 52 longitudinally. The water
pump 54 forcedly circulates the coolant through the ra-
diator 52 and the water jackets 50A and 51.

[0068] Referring to Fig. 5, the water pump 54 includes
an impeller 57 housed in a pump chamber 56 defined
inside a pump housing 55. The impeller 57 is disposed
on a pump shaft 58 that is rotatably supported by the
pump housing 55. The pump housing 55 is supported by
the upper portion case half body 35 in the crankcase 37
at a position rearward of the cylinder section 38.

[0069] As explicitly shown in Fig. 4, the gear transmis-
sion M includes a main shaft 59 and a gear train. More
specifically, the main shaft 59 is rotatably supported by
the crankcase 37 so as to receive rotational power trans-
mitted from the crankshaft 40. The gear train is capable
of selectively establishing a plurality of shift speeds with
the output shaft 20 that assumes a countershaft rotatably
supported by the crankcase 37. A power transmission
mechanism 60 is disposed between the main shaft 59
and the pump shaft 58 of the water pump 54. The power
transmission mechanism 60 includes a drive gear 61, a
first intermediate gear 62, a second intermediate gear
63, and a driven gear 64. More specifically, the drive gear
61 is fixed to the main shaft 59. The first intermediate
gear 62 meshes with the drive gear 61. The second in-
termediate gear 63 rotates integrally with the first inter-
mediate gear 62. The driven gear 64 is fixed to the pump
shaft 58 and meshes with the second intermediate gear
63.

[0070] The pump housing 55 of the water pump 54
includes a discharge pipe section 55a and a suction pipe
section 55b. More specifically, the discharge pipe section
55a forms a discharge port 65 for discharging coolant
from the pump chamber 56. The suction pipe section 55b
forms a suction port 71 for drawing coolant into the pump
chamber 56. The discharge port 65 is connected to one
of the water jacket 50A in the cylinder body 41 and the
water jacket 51 in the cylinder head 42. The suction port
71 is connected to the other of the water jacket 50A in
the cylinder body 41 and the water jacket 51 in the cyl-
inder head 42. In the first embodiment of the present
invention, the discharge port 65 is connected to the water
jacket 51 in the cylinder head 42 and the suction port 71
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is connected to the water jacket 50A in the cylinder body
41.

[0071] Referring again to Fig. 5, the discharge pipe
section 55a that forms the discharge port 65 is integrated
with the pump housing 55 so as to protrude toward a rear
wall of the cylinder head 42. Meanwhile, the cylinder head
42 includes a connecting portion 42a integrally formed
on the rear portion side surface thereof. The connecting
portion 42a protrudes toward the side of the water pump
54 and forms an inflow port 66 that communicates with
the water jacket 51 in the cylinder head 42. The discharge
pipe section 55a is connected to the connecting portion
42a via a connecting pipe 67.

[0072] The connecting pipe 67 has an annular sealing
member 68 fitted fluid-tightly in the discharge pipe section
55a at a first end portion thereof. The connecting pipe 67
has aflange portion 67a disposed ata second end portion
thereof. The flange portion 67a is fastened to the con-
necting portion 42a with a pair of bolts 70, 70 via an an-
nular sealing member 69 interposed between the flange
portion 67a and the connecting portion 42a.

[0073] The suction pipe section 55b that forms the suc-
tion port 71 is integrated with the pump housing 55 so as
to protrude toward a rear wall of the cylinder body 41.
The suction pipe section 55b is connected to the rear
wall of the cylinder body 41 via a connecting pipe 72 so
as to communicate with the suction port 71 in the water
jacket 50A in the cylinder body 41.

[0074] Referring also to Figs. 6 and 7, a thermostat 74
is mounted on a front wall surface at a central portion of
the cylinder section 38 in a direction extending along the
axis of the crankshaft 40 (in the vehicle width direction).
The thermostat 74 can select a condition in which the
water jacket 50A in the cylinder body 41 and the water
jacket 51 in the cylinder head 42 directly communicate
with each other or a condition in which the water jacket
50A in the cylinder body 41 and the water jacket 51 in
the cylinder head 42 communicate with each other via
the radiator 52.

[0075] A connecting path 76 and connecting paths 77,
77 are formed in a front portion of one of the cylinder
body 41 and the cylinder head 42, specifically according
to the first embodiment of the present invention, the cyl-
inder body 41. The connecting path 76, and the connect-
ing paths 77, 77 communicate with the other of the cyl-
inder body 41 and the cylinder head 42, specifically ac-
cording to the first embodiment of the present invention,
the water jacket 51 in the cylinder head 42 and the water
jacket 50Ain the cylinder body 41, respectively. The ther-
mostat 74 is mounted on the front wall surface of the
cylinder body 41 so as to select a condition in which the
connecting paths 76 and 77, 77 are in communication
with each other or a condition in which the connecting
paths 76 and 77, 77 are in communication with each other
via the radiator 52.

[0076] The water jacket 50A in the cylinder body 41 is
formed so as to surround four cylinder bores 78, 78 for
allowing the pistons 44 to slide thereover, the cylinder
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bores 78, 78 being arranged in juxtaposition in the cylin-
der body 41. The water jacket 50A is not, however,
formed in the front portion of the cylinder body 41 at a
central portion in a direction in which the cylinder bores
78, 78 are arranged. The connecting path 76 formed in
the cylinder body 41 to communicate with the water jacket
51 in the cylinder head 42 extends vertically with thin
bulkheads 79, 79 interposed between the water jacket
50A and the connecting path 76 at the portion at which
the water jacket 50A is not formed. The connecting path
76 thus functions as a water jacket for cooling part of the
cylinder body 41.

[0077] The connecting paths 77, 77 communicating
with the water jacket 50A are open in the front wall surface
of the cylinder body 41 so as to communicate with alower
portion of the water jacket 50A on the outside of the bulk-
heads 79, 79. The connecting path 76 formed in the cyl-
inder body 41 to communicate with the water jacket 51
in the cylinder head 42 is also open in the front wall sur-
face of the cylinder body 41 at a position adjacent to the
connecting paths 77, 77.

[0078] The thermostat 74 is housed in a thermostat
case 75 such that an operating axis direction 80 thereof
extends in a direction of a cylinder axis C (see Figs. 2
and 4) of the cylinder section 38. The thermostat case
75 is fastened to the front wall surface of the cylinder
body 41 with a plurality of bolts 82, 82 so as to cover
open ends of the connecting paths 76 and 77, 77. A seal-
ing member 81 is inserted between the thermostat case
75 and the cylinder body 41.

[0079] The thermostat case 75 includes an extracting
pipe section 75a and an introducing pipe section 75b.
The extracting pipe section 75a extracts coolant to the
side of the radiator 52. The introducing pipe section 75b
introduces coolant returned from the radiator 52. The ex-
tracting pipe section 75a and the introducing pipe section
75b are disposed so as to protrude in directions opposite
to each other in the vehicle width direction.

[0080] A starter motor 84 is disposed downwardly of
the water pump 54 on an upper wall of the upper portion
case half body 35 in the crankcase 37 rearward of the
cylinder section 38. The starter motor 84 is disposed such
that a motor shaft 85 thereof extends in parallel with the
crankshaft 40. A gear type power transmission mecha-
nism 86 is disposed between the motor shaft 85 of the
starter motor 84 and the crankshaft 40 as shownin Fig. 4.
[0081] Effects of the first embodiment of the present
invention will be described below. The water jackets 50A
and 51 are formed, respectively, in the cylinder body 41
and the cylinder head 42 that constitute the cylinder sec-
tion 38 of the engine main unit 34 such that coolant flows
through the cylinder body 41 and the cylinder head 42
independently of each other. The thermostat 74 is mount-
ed on the front wall surface of the cylinder section 38,
the thermostat 74 being capable of selecting a condition
in which the water jacket 50A in the cylinder body 41 and
the water jacket 51 in the cylinder head 42 directly com-
municate with each other or a condition in which the water
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jacket 50A in the cylinder body 41 and the water jacket
51 in the cylinder head 42 communicate with each other
via the radiator 52 disposed forwardly of the engine main
unit 34. Piping connecting the thermostat 74 and the ra-
diator 52 can therefore be routed on a side adjacent the
center in the vehicle width direction in a space between
the cylinder section 38 and the radiator 52 disposed for-
wardly of the cylinder section 38, which improves appear-
ance.

[0082] The water pump 54 is disposed rearwardly of
the cylinder section 38 so as to sandwich the cylinder
section 38 between the water pump 54 and the radiator
52 in the longitudinal direction. The water pump 54 has
the discharge port 65 connected to the water jacket 51
in the cylinder head 42 and the suction port 71 connected
to the water jacket 50A in the cylinder body 41. The fore-
going arrangements allow the water pump 54 to be dis-
posed as close as possible to the water jackets 50A and
51 to thereby achieve shorter piping length.

[0083] The connecting path 76 communicating with the
water jacket51in the cylinderhead 42 and the connecting
paths 77, 77 communicating with the water jacket 50A in
the cylinder body 41 are respectively formed at the front
portion of the cylinder body 41. The thermostat 74 is
mounted on the front wall surface of one of the cylinder
body 41 and the cylinder head 42 so as to select a con-
dition in which the connecting paths 76 and 77, 77 are in
communication with each other or a condition in which
the connecting paths 76 and 77, 77 are in communication
with each other via the radiator 52. This simplifies a path
structure, while shortening a path length between the wa-
ter jackets 50A and 51, and the thermostat 74.

[0084] The connecting paths 76 and 77, 77 are formed
to be open in the front wall surface of the cylinder body
41 so as to be adjacent to each other. The thermostat
case 75 thathouses therein the thermostat 74 is mounted
on the front wall surface of the cylinder body 41 so as to
cover the open ends of the connecting paths 76 and 77,
77. This simplifies a connecting structure between the
thermostat 74 and the connecting paths 76 and 77, 77.
[0085] The thermostat 74 is mounted at a central por-
tion of the cylinder section 38 in a direction extending
along the axis of the crankshaft 40. This makes the length
of a line that extracts coolant from the thermostat 74 to
the radiator 52 equal to that of a line that returns the
coolant from the radiator 52 to the thermostat 74 and
keeps these lengths short.

[0086] The thermostat case 75 includes the extracting
pipe section 75a for extracting coolant to the side of the
radiator 52 and the introducing pipe section 75b for in-
troducing coolant returned from the radiator 52. The ex-
tracting pipe section 75a and the introducing pipe section
75b are disposed so as to protrude in directions opposite
to each other in the vehicle width direction. This allows
lines extended from the thermostat case 75 to be con-
nected to connecting ports on both sides in the vehicle
width direction of the radiator 52 over a shortest possible
distance.
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[0087] The operating axis direction 80 of the thermo-
stat 74 is set to extend in a direction of the cylinder axis
C of the cylinder section 38. This shortens the length of
the thermostat 74 in the vehicle width direction, prevents
the thermostat 74 from protruding sideways from the en-
gine main unit in an internal combustion engine having
a small number of cylinders, and prevents the internal
combustion engine from becoming wide in the vehicle
width direction.

[0088] A cooling system structure according to a sec-
ond embodiment of the present invention will be de-
scribed below with reference to Figs. 8 to 9. Like or cor-
responding parts are identified by the same reference
numerals as those used for the first embodiment of the
present invention and detailed descriptions for those
parts will be omitted.

[0089] A thermostat 74 is mounted on a front wall sur-
face of a cylinder section 38 at a central portion in the
vehicle width direction, the thermostat 74 being capable
of selecting a condition in which a water jacket 50B in a
cylinder body 41 and a water jacket 51 in a cylinder head
42 directly communicate with each other or a condition
in which the water jacket 50B in the cylinder body 41 and
the water jacket 51 in the cylinder head 42 communicate
with each other via a radiator 52.

[0090] Connecting paths 88, 88 and a connecting path
89 are formed in a front portion of one of the cylinder
body 41 and the cylinder head 42, specifically according
to the second embodiment of the present invention, the
cylinder body 41. The connecting paths 88, 88 and the
connecting path 89 communicate with the other of the
cylinder body 41 and the cylinder head 42, specifically
according to the second embodiment of the present in-
vention, the water jacket 51 in the cylinder head 42 and
the water jacket 50B in the cylinder body 41, respectively.
The thermostat 74 is mounted on the front wall surface
of the cylinder body 41 so as to select a condition in which
the connecting paths 88, 88 and 89 are in communication
with each other or a condition in which the connecting
paths 88, 88 and 89 are in communication with each other
via the radiator 52.

[0091] The water jacket 50B in the cylinder body 41 is
formed so as to surround a whole of four cylinder bores
78, 78, the cylinder bores 78, 78 being arranged in jux-
taposition in the cylinder body 41. The connecting paths
88, 88 formed in the cylinder body 41 to communicate
with the water jacket 51 in the cylinder head 42 are dis-
posed forwardly of the water jacket 50B at a central por-
tion in a direction in which the cylinder bores 78, 78 are
arranged. The connecting paths 88, 88 are formed so as
to extend vertically at positions at which the connecting
paths 88, 88 sandwich one of a plurality of bolt inserting
holes 90, 90 through which bolts for fastening the cylinder
head 42 to the side of the cylinder body 41 are to be
passed.

[0092] The connecting path 89 communicating with the
water jacket 50B is open in the front wall surface of the
cylinder body 41 so as to communicate with a lower por-
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tion of the water jacket 50B. The connecting paths 88,
88 formed in the cylinder body 41 to communicate with
the water jacket 51 in the cylinder head 42 are also open
in the front wall surface of the cylinder body 41 at a po-
sition adjacent to the connecting path 89.

[0093] The thermostat 74 is housed in a thermostat
case 91 such that an operating axis direction 80 thereof
extends in a direction of an axis of a crankshaft 40 (in
the vehicle width direction). The thermostat case 91 is
fastened to the front wall surface of the cylinder body 41
with a plurality of bolts 92, 92 so as to cover open ends
of the connecting paths 88, 88 and 89. A sealing member
93 is inserted between the thermostat case 91 and the
cylinder body 41.

[0094] The thermostat case 91 includes an extracting
pipe section 91a and an introducing pipe section 91b.
The extracting pipe section 91a extracts coolant to the
side of the radiator 52. The introducing pipe section 91b
introduces coolant returned from the radiator 52. The ex-
tracting pipe section 91a and the introducing pipe section
91b are disposed so as to protrude in directions opposite
to each other in the vehicle width direction.

[0095] Inthe second embodiment of the presentinven-
tion, the thermostat 74 disposed on the front wall surface
of the cylinder body 41 has the operating axis direction
80 that extends in the direction of the axis of the crank-
shaft 40. This shortens a vertical length of the thermostat
74, so that interference between the thermostat 74 and
the cylinder head 42 can be easily avoided.

[0096] Referring to Fig. 10, a motorcycle as a small
sized vehicle includes a vehicle body frame F. The vehi-
cle body frame F includes a head pipe 112, a pair of left
and right main frames 113, a pair of left and right engine
hangers 114, a pair of left and right pivot frames 115, and
a pair of left and right seat rails 116. More specifically,
the head pipe 112 steerably supports a front fork 111
that journals a front wheel WF. The main frames 113
extend downwardly toward the rear from the head pipe
112. The engine hangers 114 are connected to the head
pipe 112 and front portions of the main frames 113 and
extend downwardly toward the rear under the main
frames 113. The pivot frames 115 are connected to rear
end portions of the main frames 113 and extend down-
wardly. The seat rails 116 extend upwardly toward the
rear and are connected to rear portions of the main
frames 113.

[0097] A power unit P is mounted on the vehicle body
frame F so as to be disposed downwardly of the main
frames 113. An axle 117 of a rear wheel WR that is ro-
tatably driven by power output from the power unit P is
journaled by a rear end portion of a swing arm 119 that
has a front end portion vertically swingably supported on
the pivot frames 115 via a pivot 118. In addition, an end-
less chain 123 is wound around a drive sprocket 121
fixed to an output shaft 120 of the power unit P and a
driven sprocket 122 fixed to the axle 117.

[0098] A linkage mechanism 125 is disposed between
across pipe 124 that connects lower portions of the pivot
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frames 115and the swing arm 119. Arear shock absorber
unit 128 is disposed between a linkage member 126 that
forms part of the linkage mechanism 125 and a bracket
127 disposed at a front portion of the swing arm 119.
[0099] An air cleaner 130 is disposed upwardly of the
power unit P so as to be positioned rearwardly of the
head pipe 112 in the vehicle body frame F. A fuel tank
131 that covers a rear portion and an upper portion of
the air cleaner 130 is mounted on the main frames 113
in the vehicle body frame F. A main seat 132 on which a
rider sits is supported on the seat rails 116 at a position
rearward of the fuel tank 131. A pillion seat 133 on which
a passenger sits is supported on the seat rails 116 at a
position away rearwardly from the main seat 132.
[0100] Referring also to Figs. 11 to 13, the power unit
P includes, for example, a four-cylinder internal combus-
tion engine E and a gear transmission M having the out-
put shaft 120 and built into an engine main unit 134 of
the internal combustion engine E.

[0101] The engine main unit 134 includes a crankcase
135, a cylinder body 136, a cylinder head 137, and a
head cover 138. More specifically, the crankcase 135
rotatably supports a crankshaft 142 that has an axis ex-
tending in a vehicle width direction. The cylinder body
136 rises upwardly from a front portion of the crankcase
135 in a position obliquely inclined to the front. The cyl-
inder head 137 is connected to an upper end portion of
the cylinder body 136. The head cover 138 is connected
to the cylinder head 137. An oil pan 139 is connected to
a lower portion of the crankcase 135.

[0102] The crankcase 135 includes an upper portion
case half body 140 and a lower portion case half body
141 mutually connected together. The cylinder body 136
is integrated with the upper portion case half body 140.
The cylinder body 136 includes pistons 143 (see Fig. 10)
that are slidably fitted in respective cylinders juxtaposed
in the vehicle width direction, each of the pistons 143
being commonly connected to the crankshaft 142 as
shown in Fig. 10.

[0103] An intake port 145 (see Fig. 12) for each of the
cylinders is open in a rear portion side surface of the
cylinder head 137. Each of the intake ports 145 is con-
nected to the air cleaner 130 via a throttle body 146 of
each of the cylinders. An exhaust pipe 147 of each cyl-
inder has an upstream end connected to a front portion
side surface of the cylinder head 137 and a downstream
end connected to an exhaust muffler 148 disposed up-
wardly of the rear wheel WR.

[0104] The gear transmission M includes a main shaft
149 and a gear train. More specifically, the main shaft
149 assumes a transmission shaft that is rotatably sup-
ported by the crankcase 135 so as to receive rotational
power transmitted from the crankshaft 142. The gear train
is capable of selectively establishing a plurality of shift
speeds with the output shaft 120 that assumes a coun-
tershaft rotatably supported by the crankcase 135. The
gear transmission M is disposed rearwardly of the crank-
shaft 142. In addition, the crankcase 135includes atrans-
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mission housing section 135a formed so as to house
therein the gear transmission M. The transmission hous-
ing section 135a is disposed rearwardly of the cylinder
body 136.

[0105] A cylinder body side water jacket 150 is formed
inside the cylinder body 136. A cylinder head side water
jacket 151 that joins to the cylinder body side water jacket
150 is formed inside the cylinder head 137.

[0106] A water pump 154 supplies the cylinder body
side water jacket 150 with coolant. The water pump 154
is disposed rearwardly of the cylinder body 136 and up-
wardly of the transmission housing section 135a.
[0107] Referring also to Fig. 14, the water pump 154
includes a pump housing 155, a pump chamber 156, an
impeller 157, and a pump shaft 158. More specifically,
the impeller 157 is housed in the pump chamber 156
formed inside the pump housing 155. The impeller 157
is mounted on the pump shaft 158 that is rotatably sup-
ported by the pump housing 155.

[0108] The transmission housing section 135a in the
crankcase 135 has a recessed portion 159 indented
downwardly and formed in an upper surface thereof. The
water pump 154 is disposed rearwardly of the cylinder
body 136 such that part of the water pump 154 is disposed
inside the recessed portion 159.

[0109] As explicitly shown in Fig. 13, a power trans-
mission mechanism 160 is disposed between a main
shaft 149 of the gear transmission M and the pump shaft
158 of the water pump 154. The power transmission
mechanism 160 includes a drive gear 161, a first inter-
mediate gear 162, a second intermediate gear 163, and
a driven gear 164. More specifically, the drive gear 161
is fixed to the main shaft 149. The first intermediate gear
162 meshes with the drive gear 161. The second inter-
mediate gear 163 rotates integrally with the first interme-
diate gear 162. The driven gear 164 is fixed to the pump
shaft 158 and meshes with the second intermediate gear
163.

[0110] The pump housing 155 of the water pump 154
includes a discharge pipe section 155a formed integrally
to face the side of the cylinder body 136. The discharge
pipe section 155a forms a discharge port 165 that com-
municates with the pump chamber 156. Meanwhile, the
cylinder body 136 has a connecting pipe section 136a
integrated with a rear portion side surface thereof in a
condition protruding toward the side of the water pump
154. The connecting pipe section 136a forms an inflow
port 166 that communicates with the cylinder body side
water jacket 150. The pump housing 155 is mounted on
the cylinder body 136 via a first rigid conduit 167 such
that the discharge port 165 communicates with the inflow
port 166.

[0111] The first rigid conduit 167 is formed of a rigid
material connecting linearly the discharge port 165 and
the inflow port 166. The first rigid conduit 167 has a first
end portion fitted in one of the pump housing 155 and
the cylinder body 136 fluid-tightly via a first annular seal-
ing member 168 and a second end portion fastened to
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the other of the pump housing 155 and the cylinder body
136 fluid-tightly via a second annular sealing member
169. In the preferred embodiment of the present inven-
tion, therefore, the first rigid conduit 167 has the first end
portion fitted in the discharge pipe section 155a of the
pump housing 155 fluid-tightly via the firstannular sealing
member 168 and a flange portion 167a disposed on the
second end portion of the first rigid conduit 167 is fas-
tened fluid-tightly with a plurality of bolts 170, 170 to the
connecting pipe section 136a of the cylinder body 136
via the second annular sealing member 169.

[0112] Referring also to Fig. 15, a thermostat case 172
of a thermostat 171 communicating with the cylinder
head side water jacket 151 is disposed rearwardly of the
cylinder head 137. The thermostat case 172 includes an
inflow pipe section 172a that forms an inflow port 173
integrally formed to face the side of the cylinder head
137. Aconnecting pipe section 137athat forms an outflow
port 174 communicating with the cylinder head side water
jacket 151 is formed in a protruding condition integrally
at the rear portion side surface of the cylinder head 137
to face the side of the thermostat case 172. The thermo-
stat case 172 is mounted on the cylinder head 137 via a
second rigid conduit 175 such that the outflow port 174
communicates with the inflow port 173.

[0113] Similarly tothefirstrigid conduit 167, the second
rigid conduit 175 is formed of a rigid material connecting
linearly the outflow port 174 and the inflow port 173. The
second rigid conduit 175 has a first end portion fitted in
the inflow pipe section 172a of the thermostat case 172
fluid-tightly via a third annular sealing member 176. A
flange portion 175a disposed on a second end portion of
the second rigid conduit 175 is fastened fluid-tightly with
a plurality of bolts 178, 178 to the connecting pipe section
137aof the cylinder head 137 via a fourth annular sealing
member 177.

[0114] Referring to Fig. 10, a radiator 180 is disposed
forwardly of the cylinder body 136 of the internal com-
bustion engine E so as to sandwich the cylinder body
136 between the radiator 180 and the water pump 154.
The thermostat 171 controls an amount of coolant dis-
tributed to the radiator 180 and the water pump 154 ac-
cording to a temperature of the coolant as follows. More
specifically, as the temperature of coolant flowing out
from the cylinder head side water jacket 151 increases,
an amount of coolant flowing to the radiator 180 from a
connecting pipe section 172b disposed at the thermostat
case 172is increased, while an amount of coolant flowing
to the water pump 154 is decreased.

[0115] The water pump 154 is disposed immediately
beneath the thermostat case 172 and the thermostat
case 172 is integrated with the pump housing 155. More
specifically, the thermostat case 172 and the pump hous-
ing 155 are integrated with each other via a path section
181 that forms a bypass path 182 for circumventing the
radiator 80 and guiding coolant from the thermostat 171
to the pump chamber 156 of the water pump 154.
[0116] Inaddition, areturn line section 155b for guiding
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coolant returned from the radiator 180 to the pump cham-
ber 156 is integrated with the pump housing 155 of the
water pump 154.

[0117] As explicitly shown in Fig. 11, a starter motor
184 is disposed downwardly of the water pump 154. The
starter motor 184 is disposed on an upper wall of the
transmission housing section 135a such that a motor
shaft 185 thereof extends in parallel with the crankshaft
142. A gear type power transmission mechanism 186 is
disposed between the motor shaft 185 of the starter motor
184 and the crankshaft 142 as shown in Fig. 13.

[0118] Effects of a preferred embodiment of the
presentinvention will be described below. The crankcase
135 includes the transmission housing section 135a
formed therein. The transmission housing section 135a
housing the gear transmission M disposed rearwardly of
the crankshaft 142 is formed so as to be disposed rear-
wardly of the cylinder body 136. The water pump 154 for
circulating coolant through the cylinder body side water
jacket 150 formed in the cylinder body 136 is disposed
rearwardly of the cylinder body 136 and upwardly of the
transmission housing section 135a. The water pump 154
is thereby disposed close to the cylinder body side water
jacket 150, so that a piping length between the cylinder
body side water jacket 150 and the water pump 154 can
be shortened. In addition, the water pump 154, being
disposed rearwardly of the cylinder body 136, does not
protrude sideways from the cylinder body 136 in the ve-
hicle width direction. A distance from the crankshaft 142
that develops power for driving the water pump 154 can
also be shortened to thereby achieve a compact power
unit P.

[0119] The transmission housing section 135a has the
recessed portion 159 indented downwardly and formed
in the upper surface thereof and part of the water pump
154 is disposed in the recessed portion 159. The water
pump 154 is thus disposed at alow level, so thatreduction
in size and a lower center of gravity of the power unit P
can be achieved.

[0120] The gear transmission M includes the main
shaft 149 that is rotatably supported by the crankcase
135 such that power is transmitted from the crankshaft
142. The power transmission mechanism 160 is dis-
posed between the main shaft 149 and the pump shaft
158 of the water pump 154. The power transmission
mechanism 160 can be built compactly such that power
is transmitted to the pump shaft 158 from the main shaft
149 thatis disposed closer to the water pump 154 relative
to the crankshaft 142.

[0121] The pump housing 155 is mounted on the cyl-
inder body 136 such thatthe discharge port 165 disposed
in the pump housing 155 of the water pump 154 commu-
nicates with the inflow port 166 disposed in the cylinder
body 136 so as to be in communication with the cylinder
body side water jacket 150. Mounting stiffness of the wa-
ter pump 154 can thereby be enhanced.

[0122] The first rigid conduit 167 connecting the dis-
charge port 165 and the inflow port 166 has a first end
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portion fitted in the pump housing 155 fluid-tightly via the
first annular sealing member 168 and a second end por-
tion fastened to the cylinder body 136 fluid-tightly via the
second annular sealing member 169. The pump housing
155 can thus be connected to the cylinder body 136 in a
fluid-tight condition, while permitting deviation in posi-
tions occurring during assembly due to variations in form-
ing accuracy.

[0123] The thermostat case 172 of the thermostat 171
communicating with the cylinder head side water jacket
151 formed in the cylinder head 137 so as to join to the
cylinder body side water jacket 150 is connected to the
cylinder head 137 and the water pump 154 is disposed
immediately beneath the thermostat case 172. A dead
space otherwise created downwardly of the thermostat
171 when the thermostat 171 is disposed can be effec-
tively used for disposing the water pump 154, which con-
tributes to reduction in size of the power unit P.

[0124] Thethermostatcase 172 and the pump housing
155 of the water pump 154 are integrally formed with
each other. This prevents the number of parts from in-
creasing as a result of disposing the thermostat 171.
[0125] Inaddition, the radiator 80 is disposed forwardly
of the cylinder body 136 so as to sandwich the cylinder
body 136 between the radiator 180 and the water pump
154. Disposing the radiator 180 and the water pump 154
across the cylinder body 136 in the longitudinal direction
allows the radiator 180 and the water pump 154 to be
disposed compactly close to the cylinder body 136, while
avoiding interference among the radiator 180, the cylin-
der body 136, and the water pump 154.

[0126] While the exemplary preferred embodiment of
the present invention has been described, it is to be un-
derstood that the above-described embodiment is not
intended to limit the present invention and various chang-
es in form and detail may be made therein without de-
parting from the spirit and scope of the invention.
[0127] For example, the present invention may be ap-
plied widely to small sized vehicles including three-
wheeled vehicles, in addition to the motorcycle.

[0128] The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifica-
tions as would be obvious to one skilled in the art are
intended to be included within the scope of the following
claims

Claims

1. A cooling system structure for a vehicular water-
cooled internal combustion engine (E), comprising:

a cylinder section constituting, together with a
crankcase (37) for rotatably supporting a crank-
shaft (40), an engine main unit, said cylinder
section includes a cylinder body (41) that
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projects upwardly from the crankcase (37), a pis-
ton operatively connected to the crankshaft (40)
is slidably fitted within the cylinder body (41) and
acylinder head (42) is connected to the cylinder
body (41);

water jackets (50A) are formed in the cylinder
body (41) and the cylinder head (42), respec-
tively;

a radiator (52) is disposed forwardly of the en-
gine main unit;

a water pump is disposed on the engine main
unit, the water pump circulates coolant through
the radiator (52) and the water jackets (50A),
the cooling system structure for a vehicular wa-
ter-cooled internal combustion engine (E);

said water jackets (50A) are respectively formed
so as toallow coolant to flow through the cylinder
body and the cylinder head (42) independently
of each other; and

a thermostat (171) is disposed on a front wall
surface of the cylinder section, the thermostat
being capable of selecting a condition in which
the water jacket (50A) in the cylinder body and
the water jacket (50A) in the cylinder head (42)
directly communicate with each other or a con-
dition in which the water jacket (50A) in the cyl-
inder body (41) and the water jacket in the cyl-
inder head (50A) communicate with each other
via the radiator (52).

The cooling system structure for a vehicular water-
cooled internal combustion engine (E) according to
claim 1, wherein

the water pump (154) is disposed rearwardly of the
cylinder section so as to sandwich the cylinder sec-
tion between the water pump (154) and the radiator
(52) in a longitudinal direction, and

the water pump (154) includes a discharge port con-
nected to one of the water jacket (50A) in the cylinder
body (41) and the water jacket (50A) in the cylinder
head (42) and a suction port connected to the other
of the water jacket (50A) in the cylinder body (41)
and the water jacket (50A) in the cylinder head (42).

The cooling system structure for a vehicular water-
cooled internal combustion engine (E) according to
claim 1 or 2, wherein

afirst connecting path and a second connecting path
are formed at a front portion of one of the cylinder
body (41) and the cylinder head (42), respectively,
the first connecting path communicating with the wa-
ter jacket (50A) in the other of the cylinder body (41)
and the cylinder head (42), and the second connect-
ing path communicating with the water jacket (50A)
in the one of the cylinder body (41) and the cylinder
head (42), and

the thermostat (171) is disposed on the front wall
surface of the one of the cylinder body (41) and the
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cylinder head (42) so as to select a condition in which
the firstand second connecting paths are in commu-
nication with each other or a condition in which the
first and second connecting paths are in communi-
cation with each other via the radiator (52).

The cooling system structure for a vehicular water-
cooled internal combustion engine (E) according to
claim 3, wherein

the first and second connecting paths are formed to
be open in the front wall surface of the cylinder body
(41) so as to be adjacent to each other, and

a thermostat case is disposed on the front wall sur-
face of the cylinder body (41) so as to cover open
ends of the first and second connecting paths, the
thermostat case housing therein the thermostat.

The cooling system structure for a vehicular water-
cooled internal combustion engine (E) according to
any one of claims 1 to 4, wherein

the thermostat (171) is disposed at a central portion
of the cylinder section in a direction extending along
an axis of the crankshaft (40).

The cooling system structure for a vehicular water-
cooled internal combustion engine (E) according to
claim 4, wherein

the thermostat case that houses therein the thermo-
stat (171) includes an extracting pipe section for ex-
tracting coolant to a side of the radiator (52) and an
introducing pipe section for introducing coolant re-
turned from the radiator (52), the extracting pipe sec-
tion and the introducing pipe section being disposed
so as to protrude in directions opposite to each other
in a vehicle width direction.

The cooling system structure for a vehicular water-
cooled internal combustion engine (E) according to
any one of claims 1 to 6, wherein

the thermostat (171) has an operating axis direction
set to extend in a direction of a cylinder axis of the
cylinder section.

The cooling system structure for a vehicular water-
cooled internal combustion engine (E) according to
any one of claims 1 to 4, wherein

the operating axis direction of the thermostat (171)
is set to extend in a direction of the axis of the crank-
shaft (40).

A cooling system structure in a power unit for use in
a small sized vehicle, the power unit being disposed
on a vehicle body frame and comprising:

an internal combustion engine (E) including:

a crankcase (37) rotatably supporting a
crankshaft (40) having an axis extending in



10.

1.

12.

13.

14.

23

a vehicle width direction; and

a cylinder body (41) wherein a piston oper-
atively connected to the crankshaft (40) is
slidably fitted within the cylinder body (41),
said cylinder body (41) rises upwardly from
afront portion of the crankcase, the cylinder
body includes a water jacket (50A) formed
therein for circulating coolant;

a transmission disposed rearwardly of the
crankshaft (40) and housed in a transmission
housing section formed in the crankcase (37)
rearwardly of the cylinder body (41), and

a water pump disposed rearwardly of the cylin-
der body (41) and upwardly of the transmission
housing section, said water pump circulating the
coolant through the water jacket (50A) in the cyl-
inder body (41).

The cooling system structure in a power unit for use
in a small sized vehicle according to claim 9, wherein
the transmission housing section has a recessed
portion indented downwardly and formed in an upper
surface thereof, and

part of the water pump is disposed in the recessed
portion.

The cooling system structure in a power unit for use
in a small sized vehicle according to claim 9 or 10,
wherein

the transmission includes a transmission shaft rotat-
ably supported by the crankcase (37) such that pow-
er is transmitted from the crankshaft (40), and
apower transmission mechanism disposed between
the transmission shaft and a pump shaft of the water

pump.

The cooling system structure in a power unit for use
in a small sized vehicle according to any one of
claims 9 to 11, wherein

a pump housing included in the water pump is dis-
posed on the cylinder body (41) wherein a discharge
port disposed in the pump housing communicates
with an inflow port disposed in the cylinder body (41)
to be in communication with the water jacket (50A).

The cooling system structure in a power unit for use
in a small sized vehicle according to claim 12, where-
in

a rigid conduit connecting the discharge port and the
inflow port has a first end portion fitted in one of the
pump housing and the cylinder body fluid-tightly via
a first annular sealing member and a second end
portion fastened to the other of the pump housing
and the cylinder body (41) fluid-tightly via a second
annular sealing member.

The cooling system structure in a power unit for use
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in a small sized vehicle according to any one of
claims 9 to 13, wherein

a cylinder head (42) having a cylinder head side wa-
ter jacket that joins to the water jacket (50A) in the
cylinder body (41) is connected to an upper end por-
tion of the cylinder body (41),

a thermostat case of a thermostat (171) communi-
cating with the cylinder head side water jacket is con-
nected to the cylinder head (42), and

the water pump is disposed immediately beneath the
thermostat case.

The cooling system structure in a power unit for use
in a small sized vehicle according to claim 14, where-
in the thermostat case is integrally formed with the
pump housing of the water pump.

The cooling system structure in a power unit for use
in a small sized vehicle according to any one of
claims 9 to 15, wherein a radiator (52) is disposed
forwardly of the cylinder body (41) so as to sandwich
the cylinder body (41) between the radiator (52) and
the water pump.
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